T he goal of this study is to determine the prevalence and age of onset of Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; American Psychiatric Association, 1994) and latent class-derived attention deficit/hyperactivity disorder (ADHD) subtypes in a population-based twin sample of boys and girls. Missouri birth records identified families with a twin pair 7 to 18 years of age. Telephone screening interviews for ADHD symptoms were completed for 5007 families. Diagnostic assessments were administered to 564 families with at least one twin meeting screening criteria, plus 183 control families. Prevalence and age of onset for both ADHD nosologies were calculated by sex and zygosity from parent report data. The prevalence of any DSM-IV ADHD was 6.2% overall, 7.4% in boys and 3.9% in girls. The inattentive subtype was most common in boys; the combined subtype was most common in girls. The mean age of onset of symptoms in children with any DSM-IV ADHD was 3.5 years, with no significant differences between boys and girls. Prevalences of latent class defined ADHD subtypes also varied by sex with the severe inattentive and combined classes more common in boys than girls. The age of onset of symptoms did not differ between boys and girls but were higher than in the DSM-IV subtypes. Findings in this twin sample showed that clinically significant ADHD, defined by either DSM-IV or latent class criterion, has an early age of onset and is more common in boys than girls. As clinical samples are most commonly composed of male combined subtypes, the inattentive subtype of both sexes in the general population is an undertreated segment of the general population.
Attention deficit/hyperactivity disorder (ADHD) is a common, highly heritable, psychiatric syndrome with onset in early childhood. As defined in Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; American Psychiatric Association, 1994), there are three subtypes of ADHD (predominantly inattentive, predominantly hyperactive/impulsive and combined) based on the presence or absence of six or more inattentive and/or six or more hyperactive/impulsive symptoms in addition to impairment and age-of-onset criteria. Accurate population prevalence rates of any disorder or phenotype of interest are important parameters for conducting proper genetic studies in addition to their importance for community health care planning (Burd et al., 2003) . Since ADHD and ADHD subtypes appear to be a highly heritable syndrome or group of syndromes and are the focus of many ongoing genetic linkage and disequilibrium studies (for a summary see Faraone et al., 2005) , it is important to have accurate information about the prevalence of ADHD subtypes (Todd, 2000a (Todd, , 2000b . Furthermore, to minimize sampling biases, prevalence estimates should be determined using a random sample of the population rather than school-or clinic-based estimates which are likely to be biased.
Though a variety of studies using earlier DSM-III (3rd ed.; American Psychiatric Association, 1980) or DSM-III-R (3rd ed., rev.; American Psychiatric Association, 1984) diagnostic criteria had estimated the prevalence of ADHD to be between 3% and 10% (Szatmari, 1982) , little research has been published on the population prevalence of individual DSM-IV ADHD subtypes. Among those that have been published, prevalence rates have ranged between 8% and 20%, a much larger variance than is given by the 3% to 5% prevalence reported in the DSM-IV manual (Baumgaertel et al., 1995; Gaub & Carlson, 1997; Graetz et al., 2001; Rohde et al., 1999; Wolraich et al., 1996) . Moreover, many of these studies did not use Estimation of Prevalence of DSM-IV and Latent Class-Defined ADHD Subtypes in a Population-Based Sample of Child and Adolescent Twins parent report data about their children, or did not report subtype prevalences. In addition, few of these reports included sex specific age of onset data of DSM-IV ADHD subtypes.
To avoid the diagnostic uncertainty that arises when using the strict cut-off approach of the DSM, some investigators have proposed alternative definitions of ADHD hoping to produce more etiologically homogeneous ADHD subtypes which might better discriminate between genetic and nongenetic subtypes (Carlson & Mann, 2002; McBurnett et al., 2001; Milberger et al., 1996; Todd et al., 2004) . In particular, we have demonstrated that the application of latent class analysis (LCA) to parent reports of the 18 DSM-IV symptoms in population-based samples results in the generation of reliable ADHD subtypes (Hudziak et al., 1998; Rasmussen et al., 2002 ) that predict school failure , have family/genetic specificity (Neuman et al., 1999; Rasmussen et al., 2004; Todd et al., 2001 ) and consistent patterns of comorbidity and Volk (in review). We have also shown that the latent class-derived ADHD phenotypes can be consistently reproduced across various studies of ADHD, are highly heritable, and may be more appropriate than DSM-IV subtypes for molecular genetic studies. Overall, the latent class nosology produces ADHD subtypes that are not concordant with DSM-IV ADHD subtypes and often include individuals that do not have a DSM-IV ADHD diagnosis (Hudziak et al., 1998; Neuman et al., 2001; Rasmussen et al., 2002; Todd et al., 2002) .
Given the inconsistent prevalence rates reported from DSM-IV studies of ADHD and the scarcity of reports on the prevalence of alternative ADHD phenotypes, additional population-based studies of the prevalence rates for both DSM-IV and alternative nosologies of ADHD need to be conducted. Our goal in this report is to present population prevalence data for DSM-IV and latent class-defined ADHD subtypes obtained from a birth records-based twin study of ADHD in the state of Missouri. We also report age of onset and prevalence of ADHD subtypes by gender.
Methods and Materials

Overview of the Study Design and Diagnostic Interview
For this study we employed a two-stage sampling design in which a best informant parent or guardian (usually the mother) completed a screening interview by telephone about their twin offspring and completed the Achenbach Child Behavior Checklist (CBCL). Families in which one or both twins passed the screening interview were invited to participate in a comprehensive diagnostic evaluation. The brief screening interview confirmed that the correct family had been located, asked about the presence of three past or present inattentive symptoms and three past or present hyperactive/impulsive symptoms for each twin, as well as a series of standard zygosity questions. Twin zygosity was determined using responses to zygosity questions in the latent class approach described by Heath et al. (2003) . At the time this study was initiated, it was widely believed that hyperactive/impulsive subtype ADHD reflected a preschool form of combined subtype (reviewed in Barkley, 1997) and did not really exist. Since the study would be interviewing children over 6 years of age to ensure the inattentive and combined subtype forms of ADHD were captured, a criterion of endorsement of three or more present or past inattentive symptoms were used as a cut-off score for referral to the second stage of the study.
Parents and twins completed a modified DSM-IV version of the Diagnostic Interview for Children and Adolescents (DICA; Carlson & Mann, 2002; Reich, 2000) called the Missouri Assessment for Genetics Interview for Children (MAGIC) that queries present and past existence of all DSM-IV symptoms of ADHD and related diagnoses. As with previous versions of the DICA the interview was developed with versions for child and adolescent self-report (7 to 12 years, MAGIC-C; 13 to 19 years, MAGIC-A), and parent (MAGIC-P) report about their offspring. A companion manual and a 6-week training course were established for all three MAGIC interviews. All interviewers had a college degree in psychology or related background. Different interviewers interviewed each child or adolescent twin about themselves and the parent or best informant (mother 95.6% of the time) about each twin.
For children aged 7 to 12 years, these diagnostic interviews were always completed in person, either at home or in our office. For adolescents aged 13 to 19 years, interviews were completed either in person or by phone with equal frequency. Parent interviews on each twin were also conducted either in person or by phone. In addition to the diagnostic interview, twins seen in person completed the block design and vocabulary subsections of the Wechsler Intelligence Scale for Children (WISC-III) and the Wide Range Achievement Test (WRAT-3). Adolescents interviewed by phone completed only the vocabulary section of the WISC-III . The study protocol was reviewed and approved by the Washington University School of Medicine Human Studies Committee prior to contacting any subjects. Verbal informed consent was obtained from parent or guardian before completion of telephone screening interviews. Written informed consent (or assent for individuals under the age of 18 years) was obtained from each participant (or legal guardian where appropriate) prior to participation.
Reliability and prospective stability studies were completed on the MAGIC. With respect to a DSM-IV diagnosis of ADHD, interrater reliability for the child, adolescent and parent versions was excellent, with kappas greater than .9 for DSM-IV and latent classdefined ADHD subtype diagnoses as well as for endorsement of the 18 individual criterion A ADHD symptoms .
Ascertainment of Twin Families
All twin births in the state of Missouri between 1979 and 1991 were identified by a computerized search of birth records. Pairs were excluded where one or both twins were known to be deceased or mentally retarded and twin pairs who had been adopted were excluded because of lack of access to records under Missouri State law. We also excluded some female-female twin pairs born between the years of 1979 and 1986 as these were actively involved in another ongoing twin study (Hudziak et al., 1998) . Thus, 70.7% (n = 7681 pairs) of all twins born between 1979 and 1991 were eligible to be contacted. Of the 7681 eligible families, 5412 could be contacted and screening interviews were successfully completed in 5007 families (65.2% of the total eligible sample and 92.5% of the contacted sample). Of these, 1211 families (24.4%) had at least one twin who passed the screener and was therefore eligible for the diagnostic evaluation phase. The CBCL forms for both twins were returned by 59.8% of the families completing the screener. In addition to the families meeting the ADHD screening criteria for diagnostic interviews, 281 families were randomly selected across birth years (M = 21.6 families per year, SD = 6.1) for completion of diagnostic interviews. This random control group was included to allow unbiased estimates of the ADHD population prevalences. In addition, families in which a child had a CBCL anxious/withdrawn subscale score of greater than the 95 percentile (n = 104) were chosen for possible diagnostic interviews. The high anxious/withdrawn subscale scoring group on the CBCL was included as a possible depressed group to maintain the 'blindness' of interviewers conducting diagnostic interviews.
Of the potential 1596 families (1211 screener positive, 281 random, 104 CBCL anxious/withdrawn), 1324 were approached for participation, using approximately equal numbers of families for each birth year. Three hundred and thirty-seven families (25.4%) refused to participate in the diagnostic interview phase of the study. The current study is based on 747 families that completed the diagnostic interview section of the study. This includes 564 families identified through positive ADHD screener scores and 183 randomly selected families. The depression families, ascertained to eliminated interview bias, were not included in this analysis. Results in the current report include complete data on 1472 individual twins from either the random controls (n = 365) or ADHD screener positive families (n = 1107). We shall refer to this data set as the MOTWINS.
Representativeness of the Sample
To test for participation biases families who participated in this study were contrasted with those who refused using a variety of demographic data including the twins' age, sex, zygosity, self-identified race, and on zip code-based 1990 United States Federal Census data. From the census data median income and average racial composition were extracted by zip code.
Data Analysis
Data analyses included parent responses about current symptoms for twins from the MAGIC-P interview only. Diagnoses of DSM-IV ADHD subtypes were determined by algorithm and included all DSM-IV criteria.
LCA is a statistical method for finding subgroups within a data set based on a set of categorical data (McCutcheon, 1987) . Thus, LCA may be thought of as a parametric clustering method where the model's parameters are the prevalence of each latent subgroup (i.e., the probability that a subject belongs to the jth latent class) and the probability of a specific answer to a symptom given the subject is in the jth class. Subjects are placed in the class with the highest posterior probability of membership given his/her symptom profile, a value that can be easily computed using the model's derived parameter values (McCutcheon, 1987) . We assigned subjects in the MOTWIN sample to latent classes using the set of latent class parameters derived from a LCA of a large population-based sample of Australian male and female twins (Rasmussen et al., 2002) combined with a set of Missouri adolescent female twin pairs (MOAFTS; Heath et al., 1999; Todd et al., 2001) . The structure of the derived latent classes of these two samples was shown to be comparable (Rasmussen et al., 2002) . Furthermore, the estimates for the latent class parameters for each sample were within a 95% confidence interval of the combined sample solution. We used the software program LCAP-CA (available at http://hardy.wustl.edu) and these previously computed parameters to compute the posterior probabilities of class assignments for the MOTWIN sample.
Using the known results of the screening interviews and the diagnostic interviews, the positive and negative predictive values of the screening interview were calculated for each ADHD subtype. Population prevalences (Kp) could then be calculated for the total sample and male and female twins separately using the following standard equation: The random control group was used to estimate negative predictive value. In addition, the sensitivity, specificity, and positive predictive value of the screener were estimated.
To correct for the lack of independence of the data (i.e., twin resemblance), 95% confidence intervals for each Kp were estimated by bootstrapping (Efron & Tibishirani, 1993) , using the family as the unit of resampling (N = 2000 bootstrapped samples).
Age of onset of DSM-IV and latent class subtypes was defined to be the age of first DSM-IV ADHD symptoms. If a parent could not recall the exact age of the first problems for the child, the child's age of onset was not used in the calculations to determine the mean age of onset of DSM-IV or latent class ADHD subtypes. The nonparametric Kruskal-Wallis test was used to test mean differences in quantitative variables between ADHD subgroups. Differences between two proportions were tested using standard methods (Fleiss, 1981) .
Results
The diagnostic interview sample reported here consists of parental reports on 725 twin pairs of which 25.79% are monozygotic (MZ; 135 male, 52 female pairs), and 74.20% are dizygotic (DZ; 163 male, 61 female, 314 opposite-sex pairs). An additional 22 families had only one twin who participated: 6 MZ families (five male, one female) and 16 DZ families (four from male pairs, three from female pairs, nine from opposite-sex pairs). This represents participation of 58% of all potentially eligible males and 68% of all potentially eligible females, that is, families in which at least one twin passed the screener (74.6% participation of contacted families). The racial/ethnic composition of the sample was 13.6% self-identified African American for screening interviews and 15.5% self-identified African American for diagnostic interviews. Hispanic, American Indian, Asian American and other minorities comprised less than 2% of the sample with the remainder being composed people of self-identified European American decent.
When families who completed or refused the diagnostic phase of the study were compared, there were no significant differences in self-identified racial composition or zip code-based median income. Nor were there any significant differences between participants and nonparticipants with respect to age, zygosity or screening interview score. Families that refused to participate in the diagnostic interview section tended to have a slightly larger proportion of male twins than those who participated (68.4% vs. 62.6%, p = .01).
Age of Onset
A total of 213 twins qualified for a DSM-IV diagnosis of ADHD by the MAGIC-P interview; the parents of three children could not recall the exact age of first problem. The majority of cases were male (85.9%). Over half were primarily inattentive (51.1%), over one third (39.4%) were combined, and the remainder (9.4%) was primarily hyperactive/impulsive subtype. The average age of onset of DSM-IV ADHD problems among those with a positive diagnosis was approximately 3.5 years, irrespective of the subtype. The Kruskal-Wallis test was used to test for equality of the average age of onset for males versus females stratified by DSM-IV subtype and for differences among the three DSM-IV ADHD subtypes. There were no significant age differences between the sexes for any subtype, nor were there any age differences jointly among the three DSM-IV ADHD subtypes.
For latent class assignments, the only class in which the age of onset for males and females differed was the mild-combined class (4.2 years vs. 4.6 years, respectively, p = .01). The same trend, the male age of onset being younger than the female age of onset, was seen in the severe combined class, although this difference was not statistically significant (3.8 years vs. 4.4 years, p = .3).
We compared age of onset between DSM-IV subtypes and the clinically important latent classes: the severe combined, inattentive and hyperactive classes. The age of onset for the DSM-IV primarily inattentive subtype (3.5 years) versus the severe inattentive latent class (5 years) were significantly different (χ 2 1 = 14.9, p = .0001). This overall difference was reflected in the male inattentive subtypes (3.5 years vs. 5.1 years, χ 2 1 = 13.5, p = .0002) but not the females (3.7 years vs. 4.6 years, χ 2 1 = 1.9, p = .17). There was no statistically significant difference in age of onset between the DSM-IV combined and the comparable latent class combined subtype (χ 2 1 = 0.8, p = .4). The DSM-IV hyperactive-impulsive and the comparable latent class subtype differed somewhat in their respective age of onset, 3.5 years versus 5.1 years, respectively (χ 2 1 = 3.8, p = .05).
Screener Characteristics
Results of the MAGIC-P interview in the random controls were used as the 'gold standard' to determine the negative and positive predictive values (NPV and PPV, respectively) and the overall sensitivity and specificity of the screener. The NPV of the screener (i.e., the proportion of twins who did not have a DSM-IV ADHD diagnosis on the MAGIC-P given a screening interview score of less than 3) was over 96% for all DSM-IV types. The PPV for any DSM-IV ADHD was approximately 27% (32% for males and 11% for females). The PPV for the primarily inattentive, combined and hyperactive/impulsive subtypes in both nosologies were approximately 14%, 11% and 2.4%, respectively. Not unexpectedly, performance was poorer for the primarily hyperactive/impulsive subtype since the screener score was based only on inattentive symptom endorsements.
Sensitivity was approximately 70% for any DSM-IV ADHD and ADHD subtypes in both nosologies with the exception of the hyperactive/impulsive subtypes for which sensitivity was approximately 30%. This low sensitivity is not unexpected given that the screen was measuring inattentive symptoms. Specificity was high, over 85%, for any DSM-IV ADHD and all subtypes.
There were no significant differences in any of these screener characteristics between children (7 to 12 years of age) and adolescents (13 to 19 years of age: data not shown).
DSM-IV and Latent Class Subtype Prevalence Rates
Overall, the total population prevalence of any ADHD was 6.2% (95% CI 4.6-8.2). Prevalences of all DSM-IV ADHD subtypes are summarized by sex and twin pair type in Table 1 . These Kp estimates for DSM-IV and latent class-defined ADHD subtypes were calculated using the above formula (see the Method section). For example, Kp for any DSM-IV ADHD was calculated as (.273 × .148) + [(1-.975) × .852] = .0617 where .148 and .852 were the proportion of subjects who screened positive and negative, respectively, and .273 and .975 were the PPV and NPV for the DSM-IV phenotype, respectively.
The most common subtypes were the primarily inattentive subtype (2.9%) followed by the combined subtype (2.4%) with only a small, statistically nonsignificant difference between them (χ 2 1 = 0.4, p = .5). There was a significant difference in total ADHD prevalence between boys and girls (7.4% vs. 3.9%, respectively; χ 2 1 = 3.8, p = .05). Among males, the DSM-IV inattentive subtype had the highest prevalence (4.5%), followed by the combined and hyperactive/impulsive subtypes (2.3% and 0.5%, respectively). In the data, males from opposite-sex pairs had the highest point prevalence for any DSM-IV ADHD diagnosis, 11.5% compared to males from MZ pairs (4.1%, χ 2 1 = 6.6, p = .01) or DZ pairs (6.8%, χ 2 1 = 2.58, p = .1). The most common DSM-IV subtype for the female twins was the combined subtype (2.1%); the lowest point prevalence for a subtype was the inattentive subtype (0.6%). This latter result was an artifact of our sample: no female from the control group who did not pass the screener was categorized as the inattentive subtype, that is, the NPV for this subtype in females was equal to 1.0. However, there were three female twins who did not pass the screener but were diagnosed as primarily combined subtype, and similarly, two females were diagnosed as hyperactive-impulsive. This anomaly, a NPV = 1 in the inattentive subtype and a somewhat lower NPV in the other two DSM-IV subtypes, decreased the overall point prevalence of the inattentive subtype and increased the prevalence of the combined and hyperactive-impulsive subtypes. However, the bootstrapped confidence interval for the hyperactive-impulsive subtype (0.0-3.0) indicates that the population prevalence of this subtype is not significantly different from 0, while the confidence interval for the inattentive subtype did not include 0 (0.2-1.0).
The prevalences of latent class-defined ADHD subtypes are shown in Table 2 . Contrasted with the DSM-IV subtypes in which the inattentive subtype was most frequent (2.9%), in the latent class nosology, the severe combined class was more prevalent (3.3%) than the severe inattentive class (2.5%) but these prevalences were not statistically different (χ 2 1 = 1.1, p = .3). Just as for DSM-IV subtypes, the severe inattentive and severe combined classes were more prevalent in males (3.7%, 3.5%, respectively) than Rosalind J. Neuman et al. females (0.7%, 2.8%, respectively), while the few symptoms class was more prevalent among females (82.5% vs. 69.5% in males, χ 2 1 = 11.3, p = 8 × 10 -4 ). The low prevalence of the latent severe inattentive class among females, 0.7%, was the result of the same sampling irregularity as the DSM-IV inattentive subtype: a negative predictive value of 1.0. The severe hyperactive-impulsive class had a prevalence of 1.2% for females, but as with the DSM-IV subtype, the confidence interval contained 0 (0.0-3.1).
Discussion
The current study reports prevalences on DSM-IV and latent class ADHD subtypes in a population-based sample of twins ascertained from computerized birth records from the state of Missouri. To our knowledge no other study has reported birth record-based population prevalences or ages of onset for ADHD subtypes for boys and girls. Most previous studies of DSM-IV ADHD prevalences have been school or clinic-based leading to possible sampling biases in the prevalence estimates.
In contrast to the majority of past studies of either school, clinic-based studies (e.g., Lahey et al., 1994) , or earlier conceptions of DSM ADHD, our study shows that the primarily inattentive subtype was the predominant subtype of ADHD with the combined subtype having a slightly lower point prevalence (2.4% vs. 2.9%, χ 2 1 = 0.4, p = .5). Among males the prevalence of the DSM-IV inattentive and combined subtypes was 4.5% and 2.3%, respectively (χ 2 1 = 5.2, p = .02), but there was no statistically significant difference between the inattentive and combined subtypes in females (0.6% vs. 2.1%, χ 2 1 = 1.3, p = .3). Among the derived latent class subtypes of clinical significance, the severe combined type had a higher prevalence than the severe inattentive type (respectively, 3.3% and 2.5%, χ 2 1 = 1.1, p = .3); prevalences of the males and females did not differ significantly between these two latent classes. The prevalences of the severe hyperactive-impulsive subtypes in either nosology were small, 0.9% in the DSM-IV subtype versus 1.1% in the hyperactive latent class subtype.
The results of this study confirmed that the DSM-IV inattentive and combined subtypes, and the latent class severe combined and inattentive subtypes are more prevalent in boys than girls. Furthermore, 75% of twins in our study have either no or very few ADHD symptoms (latent class 1), with the prevalence in girls significantly higher than boys for this class (82.5% vs. 69.5% respectively, χ 2 1 = 11.3, p = 8 × 10 -4 ). The finding of lower reported prevalences of any ADHD in male MZ twins (4.1%) versus all males (7.4%) is consistent with some reports that the mothers of MZ twins try to make the two twins appear more different and hence decrease the overall reporting of psychopathology (a so-called negative rater contrast; Eaves et al., 1997; Hudziak et al., 2000) . The prevalence of MZ males assigned to the severe inattentive and combined latent classes or diagnosed with DSM-IV inattentive or combined subtypes was lower than the overall male prevalence for these subtypes. However, the prevalence of these subtypes in female MZ twins was consistent with the overall population prevalence in females (3.8% and 3.9%, respectively). Interestingly, the prevalence of any DSM-IV ADHD for males from opposite-sex DZ twin pairs was 11.5%, higher than the prevalence among all males, while the prevalence for females from opposite-sex DZ pairs (2.5%) was somewhat lower than that for all females. This suggests a possible reporting bias by parents based on the sex of the co-twin. Unlike earlier school-based studies of DSM-IV ADHD subtype prevalence, we employed birth records and parent report based diagnoses. In spite of these design differences, several patterns observed in previous school-based studies were confirmed (Table 3) . First, the prevalence of all ADHD subtypes was higher in males than in females. This has been true for both teacher questionnaire reports about children aged 5 to 12 years (Baumgaertel et al., 1995; Gaub & Carlson, 1997; Wolraich et al., 1996) as well as self-report for 12-to 15-year-olds (Rohde et al., 1999) . Second, in three of the four previous studies the most prevalent ADHD subtype was primarily inattentive (Baumgaertel et al., 1995; Gaub & Carlson, 1997; Wolraich et al., 1996) . In the adolescent self-report study (Rohde et al., 1999) , inattentive and combined subtypes were equally common. Finally, though the primarily hyperactive-impulsive ADHD subtype was the least prevalent in all studies, there was a significant prevalence of this subtype among adolescents for both sexes in three of the studies (Baumgaertel et al., 1995; Gaub & Carlson, 1997; Wolraich et al., 1996) . However, our prevalence and the prevalence found in Rohde et al. (1999) were less than 1%.
The reported ages of onset for the three DSM-IV subtypes did not differ overall or by sex. This is in contrast with previous theoretical discussions that viewed hyperactive-impulsive subtype as a developmental precursor to combined subtype (e.g., Barkley, 1997) . From a family point of view, it seems more likely that DSM-IV primarily inattentive and combined subtypes are related since there is an increased frequency of these ADHD subtypes among relatives of probands with either subtype (Faraone, Biederman, & Friedman, 2000; Faraone, Biederman, Mick, et al., 2000; Smalley et al., 2000; Todd et al., 2001) , while there is no increase in the prevalence of the inattentive or combined subtype among relatives of hyperactive-impulsive probands (Faraone, Biederman, & Friedman, 2000; Faraone, Biederman, Mick, et al., 2000; Todd et al., 2001) . Hence, our age of onset results are most compatible with the DSM-IV defined hyperactive-impulsive subtype being a distinct entity.
The latent class severe inattentive prevalence for males and females was somewhat lower than those reported in the Australian twins, 8.3% and 2.2% respectively (Rasmussen et al., 2002) and for the females in the MOAFTS study, 3.6% . Part of this is likely to be an artifact of sampling of females in the current study, as discussed above. The severe combined and severe hyperactive-impulsive latent class prevalences for females and males respectively were similar to the two reports cited above. It should be noted, however, that compared to the few ADHD symptoms latent class, all the latent class ADHD subtypes are associated with academic problems . Compared to DSM-IV ADHD subtypes, the overall age of onset among the three severe population-based latent classes (severe combined, inattentive and hyperactive-impulsive) was older and differed significantly among themselves (χ 2 2 =11.0, p = .004). This significant age difference was restricted to males (χ 2 2 = 12.2, p = .002), not the females (χ 2 2 = 0.35, p = .8). Whether this older (but still preschool) age of onset reflects milder ADHD problems which only come to attention later, or whether this reflects true differences in developmental trajectories, is unknown. It should be noted that these severe population study-defined ADHD subtypes are family specific Todd et al., 2001 ).
Limitations
There are a variety of potential limitations to the current study. First, this is a twin-based sample. Hence, the question of whether the prevalences of ADHD DSM-IV subtypes and those of our population-based latent class subtypes derived from twins can be assumed to hold true in the general population remains an open question as, to our knowledge, there have been no population-based comparable studies of ADHD in a nontwin sample. We do note that prevalences of latent class-defined ADHD subtypes in nontwin siblings of twins were similar in the Australian twin study, which is a volunteer-based twin sample from the general population (Rasmussen et al., 2002 .
A related question is whether there are sampling biases associated with ascertainment through birth registries. Heath et al. (2002) investigated potential biases associated with birth record ascertainment and showed that overall, sampling biases were small. Small negative effects on the ability to recruit a family into a study were noted in the case of the birth of twins to a teenage mother, having a parent born out of the state, having an absentee biological father, birth to a mother living in a neighborhood with high rates of poverty, or being African American. However, these same obstacles would be present for recruiting nontwin families into an epidemiologically based study. Another potential limitation is the knowledge that birth complications are more common to twin births and may contribute to the prevalence of ADHD. However, this seems unlikely since the prevalence of DSM-IV ADHD is lower in MZ than DZ twins for both males and females (Table 1) . Similarly, prevalences of the severe latent classes are lowest in MZ pairs compared to DZ pairs with the exception of the females in the severe combined class. As discussed above, this may be due to parent rating biases trying to make identical twins appear more different (or, in other instances, more identical), discussed in detail in Eaves et al. (1997) and Hudziak et al. (2000) . However, Cronk et al. (2002) have shown that twin studies of emotional and behavioral symptoms based on mother reports for female twins, including ADHD, are unbiased with respect to zygosity. We also note that our estimates of DSM-IV ADHD subtypes do not differ significantly from estimates seen from the four school-based samples listed in Table 3 . The fact that our analyses were based on parent reports only may be considered a limiting factor. However, we chose to restrict our analyses to the parent report since this is the basis of most clinical diagnoses of ADHD. Teacher reports lack an historical view of their students' problems and may underreport on student's current states secondary to successful treatment. The combination of self, teacher and parent reports of ADHD will be assessed in ongoing follow-up studies of these families. Finally, bias in the reporting of ages of onset may arise due to the retrospective nature of the interview. A birth records-based prospective study of infants will be required to address this issue
Clinical Implications
The current report has three clinical implications. First, since the most common form of educationally significant ADHD is inattentive problems, while the most common forms of clinically treated ADHD are combined, an important segment of the population is not receiving treatment. Second, the sex ratio for best estimates of DSM-IV ADHD overall is slightly less than two (boys 7.4%, girls 3.9%), while the sex ratio of those seen in a clinical setting, including our own, is often more than four boys for every one girl, suggesting that school-aged girls are under treated. Finally, there are many children who do not meet DSM-IV ADHD criteria but are in latent classes characterized by significant attention problems and school failure. Hence, there is a subgroup of children who probably would benefit from treatment but who would not be identified using the DSM-IV nosology. This suggests that this alternative nosology may target children for treatment who are currently under served.
